A case-control study of risk factors for community-acquired pneumonia in adults admitted to hospital is reported. Cases were surviving patients (n = 178) admitted to 14 hospitals in England. Controls were individuals (n = 385) randomly selected from the electoral registers of the areas served by the hospitals. The two groups were compared with regard to risk factors for pneumonia using a standardized postal questionnaire. Independent risk factors associated with cases in log-linear regression analysis were age, heart disease (as indicated by congestive heart failure and/or digitalis treatment), lifetime smoking history, chronic airway disease (chronic bronchitis and/or asthma), occupational dust exposure, pneumonia as a child, single marital status and unemployment. Corticosteroid and bronchodilator therapy were also independent risk factors in the log-linear regression analysis, but may reflect the severity of underlying lung disease for which these drugs were prescribed. These data suggest that cigarette smoking is the major avoidable risk factor for acute pneumonia in adults.
Introduction
Pneumonia is a leading cause of serious morbidity and mortality due to infection in developed countries. More than 54 000 deaths are attributed to pneumonia annually in England and Wales (1) where among subjects aged 5 to 49 the pneumonia mortality rate is four times greater than for asthma (2) . In the U.S.A. pneumonia combined with influenza is the sixth leading cause of death (3) and the 11th leading cause of years of potential life lost (4) . Variations in the reported incidence of pneumonia may be due in part to differences in definitions and diagnostic fashions, but one recent autopsy study suggested that the frequency of overdiagnosis of pneumonia on the death certificate was somewhat less than the rate of 'underdiagnosis (5) . Pneumonia, therefore, remains a major public health problem, even in developed countries. As the proportion of older adults in the population increases in developed countries during coming decades, the public health problem of pneumonia is expected to increase (6) . Measures to prevent premature death from pneumonia will depend on epidemiological studies to identify avoidable risk factors for this condition.
Risk factors for pneumonia have been assessed in several ways. The incidence of pneumonia is highest in the elderly and among men, according to both case series (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) and mortality statistics (1, 6, 20) . Case series have suggested that the frequency of chronic obstructive pulmonary disease in patients with pneumonia is higher than might be expected among a population of similar age . Alcohol abuse and cigarette smoking are possible risk factors, but there have been few controlled studies to establish and quantify such relationships. Passive cigarette smoke exposure and home use of woodburning stoves have been implicated as risk factors for pneumonia in young children but similar data for adults are not available (28) (29) (30) .
In view of the known harmful effects to the respiratory tract from exposure to tobacco smoke, we hypothesized that greater lifetime exposure to cigarette smoke among men might explain the higher rate of pneumonia in men than women, and that cigarette smoking may be a significant, avoidable risk factor for pneumonia. We report the results of a case control study which attempted to define risk factors for the development of community-acquired pneumonia in adults requiring admission to hospital.
Selection of appropriate controls for cases of communityacquired pneumonia requiring admission to hospital poses several difficulties. Selection of patients admitted to the same hospital for other diseases may result in biased comparisons as described by Berkson, depending upon the similarity or dissimilarity of risk factors for pneumonia and the other diseases (31) . Subjects selected randomly from the same community as the cases would have the advantage of being more representative of the general population, but comparisons with such controls may also result in Berkson's bias, because patients with multiple underlying diseases are more likely to be admitted to hospital if they contract pneumonia than are patients with no underlying disease, regardless of whether the underlying disease is a true risk factor for pneumonia. To control for these possible biases, we chose controls randomly from the same community and simultaneously conducted a similar study using the same questionnaire among patients with pneumonia diagnosed in the community by general practitioners (32) . It was felt that comparison of the two studies would provide insight into possible confounding variables related to hospital admission.
Materials and methods

SELECTION OF CASES
Cases were selected from survivors among patients who had been enrolled in a British Thoracic Society (BTS) cohort study of patients with primary, community-acquired pneumonia between 15 November 1982 and 31 December 1983 (33) . The definition of pneumonia for this study was an acute respiratory illness with radiological pulmonary shadowing which was at least segmental or present in more than one lobe. Patients were excluded if pneumonia was not the main reason for admission, if it was an expected terminal event, if it was distal to a bronchial obstruction (e.g. due to a foreign body or a carcinoma), or if it was due to Mycobacterium tuberculosis. Microbial agents were identified in two thirds of the cases of pneumonia in the BTS study. The most frequent organisms were Streptococcus pneumoniae (34%) and Mycoplasma pneumoniae (18%). Patients outside the age range 18-75 years at the time of hospital admission were excluded. M. pneumoniae is known to be a contagious pathogen causing epidemics every 4-5 years in the U.K. primarily in young adults; because this epidemiology differs markedly from that of other bacterial pneumonias, cases with M. pneumoniae were excluded from the analysis. While several other etiological agents are either associated with unique risk factors (e.g. legionellosis with exposure to contaminated potable water) or are also contagious (e.g. influenza), they are not so demographically limited and were therefore included so that the study would reflect all pneumonias other than M. pneumoniae.
The BTS study was carried out in 28 hospitals throughout Great Britain. Selection of hospitals for inclusion in the BTS study depended on interest in participation by a local chest physician. Those physicians who had admitted the largest numbers of patients with pneumonia during the BTS study were invited to participate in the present case control study. The aim was to recruit approximately 200 surviving patients.
SELECTION OF CONTROLS
Two control subjects for each case were selected at random from the electoral registers for the main catchment areas of the hospitals where the cases were treated. Responses from persons who were not between the ages of 18 and 75 years during the period of the BTS study were excluded and replaced by other randomly selected persons. Responses from control subjects who stated that they had had pneumonia as an adult were excluded from the analysis.
THE QUESTIONNAIRE
The Respiratory Health Survey Questionnaire used in this study was developed to evaluate risk factors associated with community-acquired pneumonia. It elicits information about exposures to environmental and behavioral risk factors, underlying illnesses and their treatment, vaccines, history of pneumonia and demographic variables. Details about the questionnaire have been more fully described in a companion publication (32) . The questionnaire and study protocol were approved by the Ethics Committee of the Paddington and North Kensington Health Authority.
PROTOCOL FOR MAILING QUESTIONNAIRES
Questionnaires were sent between September 1985 and January 1986 with a letter inviting participation. The letter to cases was written by the chest physician who had cared for the patient in hospital, and the letter to controls was written by the principal investigator. These letters emphasized the public health importance of pneumonia and the need for a better understanding of risk factors for this condition, without mentioning any particular risk factor. Those who did not respond within a month to the first mailing were sent a second questionnaire. This was followed, if necessary, by a third mailing 1 month later. Questionnaires with unanswered questions were returned with a request for the missing information.
DATA MANAGEMENT AND STATISTICAL METHODS
Forms were checked and coded before computer entry. The strength of univariate relationships between case status and PNEUMONIA RISK FACTORS 955 categorical variables was assessed using w 2 or Fisher's exact test. Variables such as the number of cigarettes smoked, alcohol consumption and number of colds per year, which were not normally distributed, were analysed using nonparametric methods. Log-linear models were used for multivariate analysis. Analyses were carried out using SAS and GLIM on the London University computing network (34, 35) .
Results
RESPONSE RATE
Questionnaires were mailed to 277 cases and 547 controls in 10 different District Health Authority areas of England. Responses were received from 228 cases (82?3%) and from 402 controls (73?5%). Fifty cases infected with M. pneumoniae and 17 controls (4?2%) who had had pneumonia as an adult were excluded. The remaining 178 cases and 385 controls were included in the analysis. Microbial pathogens identified in the 178 cases of pneumonia are shown in Table 1 . The cases who responded were similar in age and sex distribution to the entire group of patients in the BTS study but included significantly fewer members of social classes working as manual laborers and significantly fewer unemployed persons (Table 2 ).
Respondents to the second and third mailings were compared with respondents to the first mailing with respect to age, sex, social class, marital status, number of rooms in the home, and smoking history. No significant differences between cases and controls were revealed, which suggests that there was no response bias related to these variables. However, of those who eventually responded, a significantly higher proportion of the cases than of controls did so after the first mailing (76% vs. 38%, P50?001).
DEMOGRAPHIC CHARACTERISTICS
There was a higher proportion of males among cases than among controls but this was not statistically significant. However, the control group contained a higher proportion of men (54?3%) than expected in the general population.
Cases were significantly older than controls (Table 3 ). Cases were more likely than controls to be unemployed or unmarried, but there was no significant difference in the distribution of occupational class among the responding cases and controls.
ENVIRONMENTAL EXPOSURES
Cases were significantly less likely than controls to report regular contact with children (Table 4) , but this was probably a consequence of the age difference. There were no significant differences in the reported use of a gas stove, the type of heating used in the home or the number or hours of heat used per day in winter between groups. The number of rooms and bedrooms in the home were not significantly different for cases and controls. The number of persons living in the home was divided by the number of rooms and by the number of bedrooms, and these quotients were examined as indices of crowding, which showed no significant differences between cases and controls. Exposure to birds and animals occurred with similar frequency among cases and controls. Occupational exposure to lint, coal, asbestos, stone or vegetable dust was reported significantly more often by cases than by controls (28% vs. 14%, P50?001).
HISTORY OF ACUTE RESPIRATORY DISEASE
Cases and controls reported a similar frequency of acute sinusitis in the past, but cases reported more common colds per year than controls (median=2, range 0-12 for cases and median=1?5, range 0-7 for controls) ( Table 5 ). Cases were significantly more likely than controls to report having had pneumonia in childhood (20% of cases and 8% of controls, P50?001).
HISTORY OF CHRONIC RESPIRATORY DISEASE
A history of symptoms of chronic obstructive pulmonary disease (defined as frequent morning cough, and/or cough for 43 months in winter) and a history of asthma were each significantly more frequent in cases than controls (Table 5) . Chronic sinusitis was reported with similar frequency in the two groups.
OTHER CHRONIC ILLNESSES
A history of heart failure was significantly associated with case status (Table 5 ). Other chronic debilitating conditions, including diabetes, renal failure, and cancer, were each
reported too infrequently to demonstrate any significant differences between the groups. However, when these three conditions were combined into a single variable indicating at least one of them, there was a significant association with case status.
MEDICATION HISTORY
Medications were being used significantly more frequently by cases than controls (Table 6 ) but for some medications (e.g. antihypertensive agents and neuroleptic agents) this was largely accounted for by the age difference. Steroids and bronchodilators were each used more frequently by cases but were used almost entirely by patients with chronic bronchitis and/or asthma. Digitalis glycosides were used significantly more frequently by cases, but these were often patients with heart failure. Sedatives were used more frequently by cases but the difference was not significant.
ALCOHOL HISTORY
The frequency and quantity of current consumption of alcohol were not significantly different between cases and controls. The product of the current amount per day and lifetime duration of alcohol drinking was also not significantly greater for cases.
CIGARETTE SMOKING HISTORY
The proportions of the two groups who were current smokers were similar, but the number of cigarettes currently being consumed by smoking cases was significantly greater (median=15 for cases vs. seven for controls, P 50?001) ( Table 7 ). The cigarette brands (and therefore tar content) were not well reported but there were no significant differences in brands or tar content between cases and controls who smoked based on available data (data not shown). The frequency of passive exposure to the smoking habits of parents, spouses or other family members was similar for cases and controls. An index of total active smoking exposure, represented by the product of the average reported number of cigarettes smoked per day and lifetime duration of smoking (in years), was significantly greater for cases. Thirty-five percent of controls had never smoked as compared with 23% of cases; 56% of cases had smoked more than 225 pack-years as compared with only 34% of controls. Considering only those who had ever smoked, cases had smoked a median of 20 cigarettes per day for a median of 31 years, compared with 15 per day for a median of 20 years among the controls. An additional index of total lifetime exposure to smoke was created in which individuals who had never smoked and had not been exposed to smoke in the home by smoking parents or spouse were considered the reference group; those with passive smoke exposure in the home were grouped with persons in the lowest tertile of active smoking history as having a 'mild' history of smoke exposure and those in the upper two tertiles of lifetime active smoking history were grouped into a 'heavy' smoke exposure group. The odds ratio for the association between case status and a history of passive or mild active exposure was 1?41 (95% CI, 0?67-2?96), while the odds ratio for the heavy exposure group was 3?28 (95% CI, 1?58-6?84). 
RESULTS OF MULTIVARIATE ANALYSIS
The independence of the risk factors found to be important in the univariate analyses described above was assessed using log-linear models. The sample size was small relative to the number of variables of interest, so a series of six models were fitted ( Table 8 ). The first model included smoking, chronic airway disease (chronic bronchitis and/or asthma), age, deficient social support, (unemployment and/ or single marital status) and a history of frequent colds (4two year
71
), and showed that each of these factors was an independent risk factor for pneumonia. When childhood pneumonia and occupational dust exposure were included in the second model, these factors remained significantly associated with case status after controlling for other factors in the model, but the history of frequent colds did not. The third and fourth models showed that a history of dusty occupation and of childhood pneumonia each remained significantly associated when age was also accounted for in the model.
The remaining two models focused on chronic nonrespiratory illnesses. Two composite variables were constructed; chronic non-respiratory illness (diabetes, cancer or renal failure) and heart disease (a history of congestive heart failure or treatment with digitalis glycosides). When adjusted for age, smoking and deficient social support, heart disease remained significantly associated with pneumonia while chronic non-respiratory disease did not reach the threshold for statistical significance.
Two separate models (not shown in Table 8 ) demonstrated that corticosteroid and bronchodilator therapy were each independently associated with pneumonia after adjusting for chronic airway disease, a history of childhood pneumonia and smoking; adjusted odds ratios were 2?35 (95% CI, 1?17-4?27) and 3?92 (95% CI, 1?98-7?76) respectively.
Age, lifetime history of cigarette smoking, chronic airway disease and deficient social support were each independently related to the risk of pneumonia after accounting for the other variables in each multivariate model in which they were included.
Discussion
The results of this study suggest that the lifetime history of exposure to cigarette smoke is an independent risk factor for acute pneumonia and that the development of the symptoms of chronic obstructive pulmonary disease, which is due to cigarette smoking in approximately 90% of cases (36) , adds significantly to this risk of pneumonia. These findings confirm the results of six of the seven previous epidemiologic studies of risk factors for pneumonia (6, (37) (38) (39) (40) (41) (42) ; five of these six studies identified chronic obstructive pulmonary disease (6, (37) (38) (39) (40) and three identified smoking as a significant risk factor (37, 38, 41) .
Steroid and bronchodilator therapy for chronic obstructive pulmonary disease were each significantly associated with cases in the present study. While it is possible that steroid therapy could increase the risk of pneumonia by immunosuppression as previously suggested by the study by Koivula et al., it is also probable that steroids and bronchodilators were used by the subset of patients with more severe chronic obstructive pulmonary disease or asthma who may just be at greater risk of pneumonia because of more severe obstructive disease.
Smoking and male gender have previously been shown to be risk factors for pneumonia due to Legionella pneumophila (43). Crude death rates from pneumonia have been greater for men than for women (1, 6, 20) and many case series of pneumonia in patients admitted to general hospitals have included 60-90% men (7) (8) (9) (10) (11) (13) (14) (15) (16) (17) (18) (19) 22) . These findings may be due to greater lifetime exposure to smoke and dust and to higher rates of chronic lung disease in men, but the role of smoking as a confounding variable has not been adequately tested in an epidemiological study. We were unable to explore this relationship in the current study because of the unexpectedly high proportion of men (54%) in the control group. It remains possible that there is a biological risk related to male gender since boys have had higher rates of pneumonia than girls in some studies (20) .
This was the first study to demonstrate associations between either occupational dust exposure or childhood pneumonia and the risk of acute pneumonia in adulthood. It is possible that these associations arose by chance due to the large number of explanatory variables which were studied or because of bias, due to cases being more likely to recall or emphasize such exposures. These findings deserve further study. Individuals predisposed to childhood pneumonia may just remain predisposed to pneumonia in adulthood.
Heart disease, indicated by a history of congestive heart failure or use of digitalis glycosides, was an independent risk factor in multivariate analysis, confirming an association of pneumococcal infections, 92% of which were pneumonia, with heart failure in a study by Lipsky et al. (37) , and an association of pneumonia with non-specific heart disease in the study by Koivula et al. (39) . Other chronic non-respiratory diseases (diabetes, cancer, renal failure) occurred in only a small proportion of patients in the present study and were not significantly associated with cases, perhaps due to limited statistical power to evaluate these less prevalent conditions.
Patients with pneumonia reported a higher frequency of past colds than did controls and this history was independently related to the risk of developing pneumonia in one multivariate model, but not in a second model. Colds tended to be reported more frequently by cases with chronic respiratory symptoms. The only previous controlled study to suggest an association between pneumonia and prior upper respiratory tract infection was that by Fekety et al. which included influenza among the viral infections and which provided only univariate analysis of risk factors (40) .
Alcohol abuse has been suggested as a risk factor by several case-series of pneumonia and by two controlled studies (39, 42) . Our study, like those of Lipsky et al. (37) and Fekety et al. (40) , found an increased odds ratio associated with heavy alcohol consumption, which was not statistically significant. Lacroix et al., found no association between daily alcohol consumption and risk for pneumonia (6) . { Results for each model are a raw odds ratio, adjusted odds ratio, and 95% confidence interval in parentheses. *P 5 0?05; **P5 0?01; ***P5 0?001.
{
Smoking defined as 'passive/mild' for those with a history of passive exposure in the home and/or the lowest tertile of active smoking, and 'heavy' for those in the upper two tertiles.
}
Chronic airway disease was defined by the presence of chronic bronchitis or asthma. k Deficient social support was defined as being unemployed and/or unmarried.
Heart disease was defined by the diagnosis of congestive heart failure or treatment with digitalis glycosides. # Chronic nonrespiratory disease was defined by the presence of cancer, chronic renal failure, or diabetes mellitus.
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It remains possible and biologically plausible that alcohol abuse is an important, if infrequent, risk factor and that the failure to find statistically significant results was attributable to type II statistical error. For example, while this study had 94% statistical power to detect a 10% absolute difference from 5-15%, it had only 78% power to detect a 7% absolute difference from 5-12%. Potential weaknesses of the present study should be considered. The potential for Berkson's bias was perhaps the most troubling and foremost consideration in designing this study. This concern was addressed by planning a simultaneous study of risk factors for pneumonia diagnosed in the community by general practitioners (32) . Such bias could account for an association with underlying diseases if physicians were more likely to admit such patients to the hospital. Berkson noted that a similar bias could occur if patients from different socioeconomic strata were to be differentially admitted because of varying ability to pay for hospital care (31) . The association of 'deficient social support', which was defined as being unmarried and/ or unemployed, with cases admitted for pneumonia, may have represented a form of Berkson's bias in that such patients may have been regarded as less able to care for themselves at home, resulting in more frequent hospitalization. Patients diagnosed with pneumonia in the community were not more likely to be unmarried or unemployed (32) suggesting that these were risk factors for admission rather than for pneumonia. By contrast, the association in both studies of case status with chronic obstructive pulmonary disease, suggests that this association in the present study was not due to Berkson's bias. The similar association between chronic obstructive pulmonary disease and pneumonia in the study by Koivula et al., regardless of whether pneumonia cases were admitted to hospital, also supports this interpretation (39) . Ability to pay was unlikely to have resulted in such bias in the present study because hospital care is free for all citizens in the U.K.
Second, human immunodeficiency virus infection has been shown to increase the risk of pneumonia due to common bacterial pathogens as well as Pneumocytis carinii and could be considered a potential confounding variable (44, 45) . The age distribution of cases in this study militates against a diagnosis of AIDS for most of the cases as does the timing of the parent British Thoracic Society Pneumonia study which ended on 31 December 1983 when only 35 cases of AIDS had been diagnosed in the entire U.K.
Third, the data on risk factors were not collected at the time of admission to hospital and it is possible that some risk factors may have changed during the interval between admission for pneumonia and completion of the questionnaire. However, it should be noted that most of the questions in the Respiratory Health Questionnaire related to long term or even lifetime exposures, such as smoking, the most important variable. Finally it was noted that there was a lower response rate for pneumonia cases who were manual workers suggesting that responding cases may not be entirely representative of pneumonia cases in the parent BTS study. Because smoking and the chronic lung disease related to smoking have been observed more frequently in the lower socioeconomic strata in the U.K., it is unlikely that this difference from the parent sample would have resulted in a spurious association with smoking or chronic airway disease. Comparable data regarding response rates among controls who were manual workers were unavailable for this study, but it is likely that a somewhat lower response rate occurred for less literate controls as well.
Pneumonia combined with influenza remains the leading infectious cause of death in developed countries (3) . As the mean age of the populations in such countries is expected to increase over coming decades, pneumonia will become an even more important public health problem. The results of the present study suggest that smoking and related chronic lung disease may be responsible for a substantial and avoidable proportion of the continuing high mortality due to acute pneumonia.
